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Abstract

Background: A parachute tricuspid valve is a very rare congenital cardiac anomaly. Its morphological features and
clinical implications have not been sufficiently described so far. The purpose of the present systematic review is to
disclose the morphological and clinical characteristics of parachute tricuspid valve, and to discuss its diagnostic meth-
ods, treatments and patients’ outcomes.

Main body: The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement guidelines
were followed in this systematic review. Publications were systematically searched in the PubMed, Highwire Press,
and the Cochrane Library databases. By comprehensive retrieval of the pertinent literature published between 1979
and 2019, 13 reports were collected with 14 patients recruited into this study. Their ages ranged from neonate to

52 years old with a median age of 23 years. Tricuspid valve regurgitation of a less-than-severe degree was seen in 6
(60%) patients, tricuspid valve stenosis was present in 3 (30%) patients and normally functioning tricuspid valve was
noted in 1 (10%) patient. All patients had a single papillary muscle in the right ventricle. The chordae tendineae could
be normal in length and thickness, or elongated, or shortened and thickened. Forty percent of the patients were
asymptomatic or with only mild symptoms and did not need a surgical or interventional therapy, and 6 (60%) patients
were indicated for a surgical/interventional treatment due to their severe presenting symptoms, associated con-
genital heart defects, and the resultant severe right ventricular inflow obstruction and (or) tricuspid stenosis. Patients’
outcomes varied depending on the substantial status of the patients with a survival rate of 70% and mortality rate of
30%.

Conclusion: A few patients with a parachute tricuspid valve are asymptomatic or only with mild symptoms and a
surgical or interventional treatment is not required. The surgical/interventional indications for parachute tricuspid
valve patients are their severe presenting symptoms, associated congenital heart defects, and the resultant severe
right ventricular inflow obstruction and (or) tricuspid stenosis. The survival rate of this patient setting is satisfactory.

Keywords: Cardiac surgical procedures, Congenital heart defect, Parachute tricuspid valve

Introduction

An atrioventricular valve anomaly caused by a single pap-
illary muscle with unifocal attachment of the chordae
tendineae was firstly described by Swan et al. [1] in 1949.
This anomaly was termed as "parachute” by Schiebler
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etal. [2] in 1961. Schiebler et al. [2] and El Sayed et al. [3]
observed a parachute anomaly affecting the right-sided
atrioventricular valve in patients with corrected trans-
position of the great arteries. The right atrioventricular
valve in such patients is actually the morphological mitral
valve, whereas the left-sided atrioventricular valve is the
tricuspid valve. Thus it should be categorized as para-
chute mitral valve. Parachute tricuspid valve (PTV) is
a very rare congenital lesion. Due to its rarity, the ana-
tomical features and clinical implications of PTVs remain
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uncertain. The purpose of this article is to describe the
anatomical and clinical features of PTV, and discuss the
management, surgical indications and outcomes of the
patients.

Materials and methods

The Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement guidelines were
followed in this systematic review. Publications were sys-
tematically searched in the PubMed, Highwire Press and
the Cochrane Library databases. The period of study was
from 1979 to 2019. The MeSH terms and keywords used
to identify articles included “parachute tricuspid valve’,
“supravalvular tricuspid ring’, “single papillary muscle’,
“congenital tricuspid stenosis’, “tricuspid valve repair’,
and “tricuspid valve replacement” The screening of the
bibliographic references helped in completing the lit-
erature retrieval. Twenty-six articles were found related
to the topic and keywords in the literature search; and
13 articles, which met the inclusion criteria during pre-
liminary assessment, were included in this review. The
inclusion criteria were publications of any type (clinical
research, case series, or case report) on PTV patients at
all ages including children (age <18 years old) and adults
(age>18 years old) with substantial patient information
for statistical analysis. The exclusion criteria were: para-
chute mitral valve (n=7), parachute-like tricuspid valve
(n=2), parachute-like mitral valve (n=1), parachute-
like atrioventricular valve (n=1), accessory tricuspid
valve (n=1), and lack of substantial patient information
(n=1). A flow chart of literature retrieval was shown in
Fig. 1.

The data independently extracted from each study
were the study population, demographics, morphology
and function of the tricuspid valve, associated congeni-
tal heart defects, surgical indications, management and
patients’ outcomes.

The measurement data were expressed in
mean + standard deviation. The categorical variables
were expressed by frequency and percentage, and were
compared by Fisher’s exact test. P<0.05 was considered
statistically significant. An IBM SPSS Statistics version
22.0 was used to perform the statistical analyses.

Results

In total 13 articles were collected with 14 patients
involved [4—16]. Patient information in detail was listed
in Table 1. As a result, 12 articles were single case reports
and one article was a report inclusive of 2 cases. No clini-
cal research or large case series were included. There
were 9 (64.3%) adult and 5 (35.7%) pediatric patients
(*=2.3, P=0.257). Patient age was not described for one
case [12]. For the remaining 13 cases, ages ranged from
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Fig. 1 A flow chart of literature retrieval

neonate to 52 years old with a median age of 23 years.
Their mean age was 21.3+15.7 (range, 0-52; median,
23) years (n=13). Gender was known for 11 patients:
6 (54.5%) were male and 5 (45.5%) were female patients
(x*=0.2, P=1.000).

In one report, patient’s symptom was not mentioned
[12]. In the remaining 13 patients, 3 (23.1%) were asymp-
tomatic and 10 (76.9%) were symptomatic (y*=7.5,
P=0.017). The major symptoms of the 10 symptomatic
patients were palpitations [5, 7], heart failure [9, 10],
dyspnea [4] and peripheral edema [6].

A cardiac murmur was audible in 11 patients. Actually
a systolic murmur was audible in all 11 patients. In 10
patients, the murmur was audible along the sternal bor-
der, and in 1 patient, it was heard in the left intercostal
space [8]. In one of the patients, an additional diastolic
murmur was heard at the apex [4]. A fixed split of the
second heart sound was heard in 3 (27.3%) patients [5,
13, 14].

The electrocardiographical results were described
for 7 patients: 2 (28.6%) patients had a normal sinus
rhythm [5, 7], and 5 (71.4%) patients had an abnormal



Page 3 of 8

(2020) 15:305

Yuan Orphanet J Rare Dis

Hvd
‘Buipuegsp
d/s ‘bul

-pueq + Aised
yoJe + Jedal
UO[1P1DIEOD

d/s ‘vad
'UO11e1DIBOD
‘yoie dpyloe
S1'(bul onseidodAy
¥20ys o1ndas YAL+uon lejnuue) (Ww 6 sninuue Aie|ided (s1eak
aAnesado -29591 uon AL) AY [[BWS Aydeu Jolsue 01dn maib l6]
-1sod jo paig buu ejnuuy 8l/i/¢ -ONNSGO AL 'SQSA'vOL-D  -boipiesoyd3 3|6uIs 4 9ys)oleuOsN eI LEPOH /661
VLD
(le1nid) ‘J31-a¢
asv o Y1 ‘padeys EEN [8] e 32
P313A029Y 3INso> [ed1bing i/€/y  parebuol Buiwog Nd asv  ‘aL-ge’dil obuispyg W T [oyweg  ¢10¢
Ayd
-eiboibue
oiydesb
-ouwo}
(jelAL) pa1ndwod
Y1 ‘padeys EEIRe] VAR
e/t lsuUuUng vy Mll-iead 311-a€ 1L Aewjos W e [opiweg  110¢
elsalle
AKreuownd
YHm 10je4
SL vy jo Abojenst 91euosN  [9]e19EZY  6/61
[
(S1e19pOW pay peyzauijze4
abueys oN dn-mojjo4 01 P|IW) YL ON  3LI-Q¢€'9LL -Pdled’djbuis E 0¢ puelwiy  £10¢
(41 SeIopowl
01 PIw yum
1uswabiejua [s]
A pliu) asv 4o (219195 01 pay peyzauljze4
panoidul 9INsoJ3 911A9(d S1esapow) Yl Nd Ve asy  331-ge ‘3Ll -dfeds|buls E 4 puewly  /10¢
(BHWwW)
(ueaw
/a11015R1p 1aqueyd
/21]101sAs) pioyd ey Alewoue poylaw dpsnw
awodinQ dn-mojjo4 juswieal] Dd pidsnouy AL pabiejug paleossy snoubeiq fiejided  xas (1eak) aby oyiny aesp

uonewJojui yuaned pajieraq L sjqeL



Page 4 of 8

(2020) 15:305

Yuan Orphanet J Rare Dis

pul
-uopouny
Ajlewou
‘asdejoid
pliw ‘'S 19|
-jed| |exdas
Jo asdejoid
pliw
194 10U 1NQ ‘ww zz (duBiIquIDWI 1]
pabueydun pauue|d :oN snjinuuy N -19d) QSA‘asv 31buis E L¢ [ele yemley 900¢
pasny 1am
s1aea)| [c1]
Jolsrsod xade 21eJRdZY
palg pue Jouuy winielaerl Jod Asdony  woly 3|bulg 2llelN 0861
BABS[BA
Jo snuys 3ybu
a3 wouy A1anie
X3wnld
2y3 Jo uibo
snojewoue
"(BHWW 1)
asA HYd '(ueiq
Jo 2Insop uon -wawad) gsa [
PaJ2A0d3Y Ja19y1edsuel| -dUNJ [eWLION V1AY ‘AN 21nydeled I W €¢ e NUNY £10C
2Inso
asy +(syes)
|eadasoau ayy
PaJ9A03l 40 9bpa 234y
‘eluownaud oY1 poddns
1102 DIy 01) Uonisuel}
-1ayos3 ployd+ains (duriqUIDWI [o1]
‘pared)jduwio) 14 -0[> dSA UL SISOURIS AL -1ad) aSA'asY EINE N §z90 e Edno 9107
(BHWw)
(ueaw
/31j01seIp Jaquieyd
(yuowi) /21]03sAs) pioyd> 1eay Alewoue poylaw dpsnw
awodnQ dn-mojjo4 jJuswieal] Dd pidsnoup AL pabiejug pajeossy snoubeiq Kiejided  xas (1eak) aby ioyiny Jesp

(panunuod) | 3|qey



Page 5 of 8

(2020) 15:305

Yuan Orphanet J Rare Dis

1299p |e3das Je|NDLIIUIA S/ JusWade|dal AjeA pidsnoL YA L ‘DAjeA pidsnouy A ‘Aydesbolpiedoyds [esbeydosasuely 7/ 1 ‘sisous)s pidsnoul
51 ‘uonenbinbai pidsnouy y; ‘Aydesboipiedoyds jeabeydoeasuesy 33 1sod sniels d/s AejnduusA 3ybu AY ‘winuye 1ybu Yy ‘wuaipelb ainssaid Dy ‘snsoualie snyonp jualed ygd ‘uoisuspadAy Aisyie Areuownd Hyd
SN[BA [BIIW AW ‘S[BW Y ‘WiNLIe P3| /T ‘S]eW) 4 ‘salialle 1eaib ay3 Jo uonisodsuel) pa1daniod o -) ‘Aydeiboibue siydeibowoy paindwod v ) ‘Aydesbowol paandwod |H 129)ap |erdas [elre gsy ‘|euoisuswIp-aaiyl gs

1]

asA EINE 14 ‘e12103N 0l0C
1D Jeipied
adlsnu (St
/8 Js1oys dl Hvd ‘asv EInl 0t |eISUBYOW ClOC
EWEN
J1joe pidsnoig
'sisouls Aleu
-ow|nd Jejna
spioyd -|eA ‘youe djpioe
snoulpusl papis-1ybu
ay1 4o ‘uonisodsueny
SSaUNDIYY P3102110D
(woy pue yibua| ‘SN [RA [BIHW 1]
pabueydun -dwis pjiw) oN [PWION (piiu) Y. aanyoeled EINE € [P URYOW SL0T
AsAis|ul
Jop1sod pue
'Uo1IdNISO
SN 10BJ} MOINO
Buntoddns Areuownd
9B3UIpUD) EJEVEN (P10
2INS0D seployd ‘IA[RA [BIHW syiuowl 8
Yz e QSA+edas pauDIYL Bul|ppe.s SIeak 9 0}
uopeiola9p SAJBA [RJIIW pue ‘92L3URA YD dn maib
Selpied JO paid Buippeis pausHoys Ad 190 9|gned Asdoiny aY) L0 [¥I'eIwOIN 6461
(BHWW)
(ueaw
/a1j01selp Jaquieyd
(yauow) /211015As) pioyd 1eay Alewoue poylaw
awodnQ dn-mojjo4 jJuawileal] Dd pidsnoup AL pabiejug pajepossy snoubelq Aiejided xas (1eak) aby loyiny Jesp

(panunuod) | ajqel



Yuan Orphanet J Rare Dis (2020) 15:305

electrocardiogram including right bundle branch block
(n=1) [8], conduction defects (n=1) [6], left ventricu-
lar hypertrophy (n=1) [9], ST-T changes (n=1) [5], and
north-west axis (4150°), right atrial enlargement and
prominent R wave in the V; lead (n=1) [14].

The diagnostic methods of PTV were described in 12
patients: it was diagnosed by transthoracic echocardiog-
raphy (n=5, 41.7%) [9-11, 14, 16], by both transthoracic
and three-dimensional transesophageal echocardiogra-
phy (n=2, 16.7%) [5], by transthoracic and transesopha-
geal echocardiography, three-dimensional transthoracic
and transesophageal echocardiography and computed
tomographic angiography (n=2, 16.7%) [7, 8], by tran-
sthoracic echocardiography and multislice cardiac com-
puted tomography (n=1, 8.3%) [7], and by autopsy
(n=2,16.7%) [4, 12].

In 6 (42.9%, 6/14) patients, cardiac chamber enlarge-
ment was noted: 4 (66.6%) patients had one cardiac
chamber enlargement (right ventricular enlargement
(n=3) [4, 8, 13] and right atrial enlargement (n=1) [6]),
and 2 (33.3%) patients had two cardiac chamber enlarge-
ment (right atrial and right ventricular enlargement
(mn=1) [5] and left atrial and right ventricular enlarge-
ment (n=1) [11]).

All patients had a single papillary muscle in the right
ventricle. The papillary muscle was described as: calcified
(n=2) [5], short (n=1) [15], from the apex (n=1) [12]
and a single anterior one (n=1) [9].

The chordae tendineae were narrated for 4 patients:
they were with normal length and thickness (n=1) [14],
elongated (n=1) [8], shorter (n=1) [15] and shortened
and thickened (n=1) [4].

The morphology and (or) function of the tricuspid valve
were described for 12 patients. In one patient, the ante-
rior and posterior leaflets were fused, and the functional
status of the tricuspid valve was not given [12]. In another
patient, the conditions of one tricuspid valve were con-
fusely narrated as “annulus 22 mm, mild prolapse of the
septal leaflet, tricuspid stenosis and functionally normal”
[13]. This case was excluded from the statistical analysis
of tricuspid valve function. In the remaining 10 patients,
6 (60%) patients had tricuspid regurgitation (it was triv-
ial (n=2, 33.3%) [7, 8], mild (n=1, 16.7%) [14], mild-
to-moderate (n=1, 16.7%) [5] and moderate-to-severe
[5] (n=1, 16.7%)), 3 (30%) had tricuspid stenosis [6, 9,
10] and 1 (10%) had a normally functioning tricuspid
valve [11]. The systolic tricuspid pressure gradient was
8.3+4.2 mmHg and the mean tricuspid pressure gradi-
ent was 4.3+ 1.9 mmHg [7, 8, 10, 15].

Of the 14 patients, 12 (85.7%) patients had one or more
associated congenital heart defects, including atrial septal
defect [5, 8, 10, 13, 15], ventricular septal defect [10, 13,
16], cor triatriatum [12], corrected transposition of the
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great arteries [9, 14], tetralogy of Fallot and pulmonary
atresia [6] and parachute mitral valve and anomalous ori-
gin of the circumflex branch from the right sinus of Val-
salva [11]; and 2 patients had an isolated PTV (14.3%).
PTVs associated with other cardiac malformations
were significantly more than isolated PTVs (y*=14.3,
P<0.001). Moreover, 3 (21.4%) patients had pulmonary
artery hypertension [9, 11, 15].

The treatments were not described for 4 patients. Of
the remaining 10 patients, a surgical/interventional treat-
ment was required in 6 (60%) patients: tricuspid valve
operation in 2 (33.3%) patients (annular ring resection
plus tricuspid valve replacement [9], and chord transi-
tion [10]), and surgical/interventional repair of other
associated intracardiac anomalies in 5 (83.3%) patients
(the patient receiving chord transition had simultaneous
atrial and ventricular septal defect closures [10]) includ-
ing device closure of atrial septal defect [5, 11], surgical
closure of atrial septal defect [8], chord transition (to
support the free edge of the neoseptal leaflet) plus atrial
and ventricular septal defect closures [10] and straddling
mitral valve repair plus ventricular septal defect closure
[4]. In addition, 4 (40%) patients were on a follow-up only
due to mild clinical symptoms. There was no significant
difference in the prevalence between surgical/interven-
tional and non-surgical/interventional patients (y*=0.8,
P=0.656).

The surgical/interventional indications for the 6
patients were an associated congenital heart defect
(n=4, 66.7%) [5, 8, 11, 14], congestive heart failure and
associated congenital heart defect (n=1, 16.7%) [10]
and tricuspid stenosis and tricuspid annular ring (n=1,
16.7%) [9].

Patients’ outcomes were reported for 10 patients: 2
(20%) patients recovered fully [8, 11], 1 (10%) patient
improved with mild-to-moderate tricuspid regurgita-
tion [5], 1 (10%) patient was complicated with Escheri-
chia coli pneumonia and finally recovered after treatment
[10], 3 (30%) patients remained unchanged [5, 13, 14]
and 3 (30%) patients died [4, 9, 12]. The death causes of
the 3 deceased patients were postoperative circulatory
deterioration [4], postoperative septic shock [9], and an
unspecified death cause [12], respectively. The two post-
operative deaths occurred in two children at the age of 2
and 6 years 8 months, respectively (Table 2).

Discussion

In 1979, Milo et al. [4] firstly reported a case of PTV asso-
ciated with a straddling mitral valve and doubled outlet
right ventricle in a baby. He was performed an operation
at the age of 6 years 8 months but died soon after the
operation. PTV is a very rare congenital cardiac anom-
aly. It is considered to have been underestimated, as the
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Table 2 Surgical/interventional treatments and prognosis of patients with parachute tricuspid valve

Treatment Treatment technique Case number Patient age Prognosis
at operation (year)
Intervention Transcatheter closure of ASD [5] 1 52 Improved
Transcatheter closure of VSD [11] 1 33 Recovered
Surgery Surgical closure of ASD [8] 1 24 Recovered
VSD closure + chord transition (to support the free 1 0.625 Complicated: Escherichia coli pneu-
edge of the neoseptal leaflet) + ASD closure [10] monia, recovered
Annular ring resection +TVR [9] 1 2 Died of postoperative septic shock
Stadding mitral valve repair4VSD closure [4] 1 6.67 Died of cardiac deterioration at 24 h

ASD atrial septal defect, TVR tricuspid valve replacement, VSD ventricular septal defect

anatomical features are often sheltered by the associated
congenital anomalies [12]. Its prevalence appears to be
significantly lower than that of parachute mitral valve [4].

The anatomical features of the atrioventricular valve
caused by two asymmetric papillary muscles are termed
as a parachute-like valve [17]. The true type of PTVs
should be distinguished from the parachute-like valve. In
one report, a case of true PTV was mistaken as a para-
chute-like one [5]. This case was enrolled into this study
as a case of true PTV.

Patients with a PTV can be asymptomatic if the valve
function is normal or only with mild valve dysfunction
[16]. However, in some patients, PTVs may cause tricus-
pid stenosis and (or) regurgitation. Patients with severe
tricuspid stenosis may present with congestive heart fail-
ure [10].

A PTV can be visualized in two- and three-dimensional
transthoracic and transesophageal echocardiography. A
transgastric view is preferred to reveal the features of a
PTYV, including a solitary papillary muscle, pear-like right
atrium and chordal redundancy. Multidetector computed
tomography can also reveal the feature of a PTV with a
single papillary muscle as well as its attachment site [8].

It has been reported in the literature that PTV was
associated with right heart obstructions, such as tetral-
ogy of Fallot [6] and double outlet right ventricle [4].
Atrial and (or) ventricular septal defects were often
present in PTV patients. Parachute deformity of both
mitral and tricuspid valves were reported in 2 patients
[11, 14]. Mohan et al. [14] summarized 7 cases of PTV
patients from the literature, and found the ratio of com-
plex and solitory PVT was 4:3 (1.3:1). Tricuspid stenosis
was less significant in PTV patients [5]. Transthoracic/
transesophageal echocardiography was a usual diagnos-
tic technique confirming the morphological features of
PTV including single papillary muscle, doming shaped
chords and pear-shaped right atrium [7]. Three-dimen-
sional transesophageal echocardiography and computed
tomography angiography also confirmed the features of

PTVs [7]. Patients with a PTV often underwent a surgi-
cal treatment of the associated cardiac defects, and an
operation for the tricuspid valve per se was usually not
demanding unless there was severe tricuspid stenosis.
Gupta et al. [10] reported their complex tricuspid valvu-
loplasty including single papillary muscle mobilization,
chord transfer, anteroseptal commissure creation and
regional annuloplasty for their PTV patient with a uni-
cuspid tricuspid valve. Moreover, in PTV patients, tran-
scatheter atrial septal defect closure could reduce the
severity of tricuspid regurgitation as a result of reduction
of tricuspid annular dimension and right ventricular vol-
ume overload.

The present study revealed that the morphological
changes of the tricuspid valve of PTV patients could be
functionally normal (10%), stenosed (30%), or regurgitant
(60%). In line with what was reported in the literature,
due to the small number of tricuspid stenosis cases and
the mildly regurgitant tricuspid valve, the demanding of
tricuspid valve operation was less likely in this patient
setting. The tricuspid chords in patients with a PTV var-
ied morphologically significantly from normal to short-
ened or elongated. In the present study, PTV associated
with other cardiac anomalies was seen in 85.7% of the
patients, while isolated PTV accounted for 14.3% with a
ratio of 6:1, significantly exceeding the value reported in
the literature. Surgical treatment was performed in 60%
patients with a tricuspid valve operation in one-third and
repair of associated cardiac defects in two-thirds of the
patients. In 40% patients, only follow-up is advised due to
no or mild symptoms. The prognoses of the patients were
good with a survival rate of 70%.

As it was evidenced by the present study, when PTV
patients became symptomatic, associated with addi-
tional congenital heart defects, or right ventricular inflow
obstruction and (or) severe tricuspid stenosis, they were
indicated for a surgical/interventional treatment [16].
Patients’ outcomes vary from case to case depending
on the substantial status of the patients [8]. The present
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article proved that 60% of patients warranted a surgical/
interventional treatment, and the mortality rate was 30%.

The study materials were based on some case reports,
and this situation might bring about possible publication
biases at an outcome level, and which was considered a
major drawback of the study. In spite of the limitations,
the value of the work still exists.

Conclusion

PTV is a very rare congenital cardiac anomaly. Minority
of patients are asymptomatic or only with mild symptoms
and do not need a surgical/interventional therapy. The
surgical/interventional indications for PTV patients are
their severe presenting symptoms, associated congenital
heart defects, and the resultant severe right ventricular
inflow obstruction and (or) tricuspid stenosis. Patients’
outcomes vary depending on the substantial status of the
patients.
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